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(54) Internal combustion engine 
with fuel injectors 

(57) Fuel is injected into an intake 
passageway 1 4 by a main fuel in- 
jector (24) and an auxiliary fuel 
injector (26), a control device (42) 
operating only the main fuel injec- 
tor under a low power output en- 
gine operating condition and both 
the main and auxiliary fuel injectors 
under a high power output engine 
operating condition. The control de- 
vice may be responsive to intake air 
flow rate, engine speed, throttle 
valve opening, intake manifold vac- 
uum and the exhaust gas oxygen 
content. The auxiliary injector (26) 
flow rate when operating may be 
constant or dependent on the en- 
gine operating condition. 
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SPECIFICATION 

Internal combustion engine with fuel injec- 
tors 

5 

This invention relates to an internal combus- 
tion engine equipped with fuel injectors for 
supplying fuel into the cylinders of the en- 
gine, and more particularly to an internal 
10 combustion engine equipped with main and 
auxiliary fuel injectors in order to supply the 
cylinders of the engine with suitable amounts 
of fuel. 

It is well known in art, that only one fuel 

1 5 injector is installed at the intake passageway 
of the engine to supply the cylinders of the 
engine with fuel injected from the fuel injec- 
tor. This fuel injector is, in general, composed 
of an electromechanical valve which is ar- 

20 ranged to open to inject fuel during the time 
period corresponding the pulse-width deter- 
mined in accordance with various engine op- 
erating parameters. Accordingly, the amount 
of fuel supplied to the cylinders is in propor- 

25 tion to the pulse-width. 

In such a fuel injector, the opening area of 
the electromechanical valve is set to meet the 
maximum fuel supply amount required, for 
example, during the maximum power output 

30 engine operation in which the above-men- 
tioned pulse-width is the maximum or the 
electromechanical valve is continuously main- 
tained at the fully open condition. 
Hence, the above-mentioned pulse-width for 

35 controlling the fuel injector must be small 
during a relatively low power output engine 
operation in which a relatively small amount 
of intake air is required, particularly during 
idling of the engine. The accuracy of the 

40 electromechanical valve of the injector de- 
pends on the actuation lag time due to the 
friction of the mechanical parts of the valve. 
The actuation lag time is, for example, about 
1 .6 ms from the closed condition to the open 

45 condition, and about 0.9 ms from the open 
condition to the closed condition. 

Therefore, the extreme fluctuation of the 
opening time of the electromechanical valve is 
encountered during the low power output 

50 engine operation in which the opening time or 
the pulse-width for controlling the valve is 
shorter than about 2 to 2.5 ms. This shows 
that it is difficult to maintain a high accuracy 
in fuel supply amount regulation during such 

55 the low engine power output engine opera- 
tion. This difficulty increases with increase in 
the number of the cylinders of the engine and 
with increase in the total volume of the engine 
cylinders. 

60 It is the prime object of the present inven- 
tion is to provide an improved internal com- 
bustion engine equipped with fuel injectors, 
by which a high accuracy in fuel supply 
amount regulation is achieved even during a 

65 low power output engine operation in which a 



relatively small amount of intake air is re- 
quired, satisfying the maximum fuel supply 
amount required during the maximum power 
output engine operation. 

70 Another object of the present invention is to 
provide an improved internal combustion en- 
gine equipped with main and auxiliary fuel 
injectors which are installed at the intake 
passageway of the engine, only the main fuel 

75 injector being operable to obtain a high accu- 
racy in fuel supply amount regulation during a 
relatively low load engine operation, whereas 
both the main and auxiliary fuel injectors are 
operable to obtain a large amount of fuel 

80 supply during a relatively high load engine 
operation. 

A further object of the present invention is 
to provide an improved internal combustion 
engine which is equipped with main and 

85 auxiliary fuel injectors installed at the intake 
passageway of the engine, in which only the 
main fuel injector is operated to inject fuel 
while an engine operating parameter still rep- 
resents a relatively low power output engine 

90 operation, whereas both the main and auxilia- 
ry fuel injectors are operated to inject fuel 
while the engine operating parameter repre- 
sents a relatively high output engine opera- 
tion. 

95 According to the present invention, there is 
provided an internal combustion engine hav- 
ing cylinders and an intake passageway for 
providing air therethrough to the cylinders, 
comprising: a main fuel injector for injecting 

1 00 fuel into the intake passageway when oper- 
ated; an auxiliary fuel injector for injecting 
fuel into the intake passageway when oper- 
ated; control means for controllably operating 
only the main fuel injector under a first engine 

105 operating condition and both the main and 
auxiliary fuel injectors under a second engine 
operating condition, a larger amount of intake 
air being required under the second engine 
operating condition than under the first en- 

110 gine operating condition. 

Other objects, features and advantages of 
the engine according to the present invention 
will be more apparent from the following 
description taken in conjunction with the ac- 

1 1 5 companying drawings. 

Figure 1 is a schematic illustration of a 
preferred embodiment of an internal combus- 
tion engine in accordance with the present 
invention; 

1 20 Figure 2 is a graph showing the operational 
characteristics of main and auxiliary fuel injec- 
tors used in the engine of Fig. 1; 

Figure 3 is a circuit diagram showing a 
control unit used in the engine of Fig. 1; and 

1 25 Figure 4 is a circuit diagram showing 

means for starting cold engine, which is pref- 
erably installed in the engine of Fig. 1 . 

Referring now to Fig. 1 of the drawings, a 
preferred embodiment of an internal combus- 

1 30 tion engine of a motor vehicle, according to 
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the present invention is shown including an 
engine body 10 or engine block which is 
formed with a plurality of cylinders 10a (only 
one cylinder shown). Each cylinder is connec- 
5 table to branch runners 1 2a (only one runner 
shown) of an intake manifold 1 2 which forms 
part of an intake passageway 1 4. A throttle 
valve 1 6 is rotatably disposed in the intake 
passageway 1 4 to control the amount of in- 

1 0 take air supplied to the cylinders. A known air 
flow meter 1 8 is disposed upstream of the 
throttle valve 1 6 to measure the amount of 
intake air passing through the intake passage- 
way 1 4. Disposed upstream of the air flow 

1 5 meter 1 8 is an air filter 20 for removing dusts 
contained in air inducted through the intake 
passageway 14. Each cylinder is, as usual, 
also connectable to branch runners (only one 
runner shown) 22a of an exhaust manifold 22 

20 through which exhaust gases from the cylin- 
ders are discharged out of the engine. 

A main fuel injector 24 is disposed in a 
manifold riser 1 2b or a riser portion con- 
nected to the intake manifold 12. The riser 

25 12b is formed with its bottom portion B which 
is constructed to be contactable with the ex- 
haust gases from the cylinders to receive heat 
of the exhaust gases in order to promote 
vaporization of fuel supplied to the manifold 

30 riser 12b. In this case, the bottom portion B 
contacts the exhaust manifold 22. In other 
words, the wall forming the bottom portion B 
is shared by the intake and exhaust manifolds 
12 and 22. Therefore, the bottom portion B 

35 serves as a heat exchanger. 

The main fuel injector 24 is located oppo- 
site to the bottom portion B to inject fuel 
toward the bottom portion B. In this instance, 
the main fuel injector 24 is located so that its 

40 longitudinal axis (not shown) substantially lies 
on the longitudinal axis L of the manifold riser 
12b. In addition to the main fuel injector 24, 
an auxiliary fuel injector 26 is disposed in the 
manifold riser 1 2b to inject fuel thereinto. 

45 The main and auxiliary fuel injectors 24 and 
26 are connected through a fuel feed pipe 28 
to a fuel tank 30. The reference numeral 32 
designates a fuel pump which pressurizes the 
fuel from the fuel tank 30 to supply the 

50 pressurized fuel to the fuel injectors 24 and 
26 through a fuel filter 34 for removing 
impurities contained in the fuel. 

A fuel return pipe 36 is branched off from a 
portion of the fuel feed pipe 28 between the 

55 fuel filter 34 and the fuel injectors 24 and 26 
to be connected between the fuel feed pipe 
28 and the fuel tank 30. The return line 36 is 
provided with a pressure regulator 40 which 
functions to regulate the fuel pressure in the 

60 fuel feed pipe 28 by venting the fuel there- 
through to the fuel tank 30 when the fuel 
pressure in the fuel feed pipe 28 exceeds a 
certain high level. 
The main and auxiliary fuel injectors 24 and 

65 26 are electrically connected to a control unit 



42 through conductors 44 and 46, respec- 
tively. The main fuel injector 24 is composed 
of an electromechanical valve (not shown) 
which is arranged to open during a time 

70 duration corresponding to the pulse-width of a 
main injector operating signal supplied from 
the control unit 42 and therefore the fuel 
injector injects fuel during opening of the 
electromechanical valve. The auxiliary fuel in- 

75 jector 26 is also composed of an electro- 
mechanical valve (not shown) which is ar- 
ranged to open when required in accordance 
with an auxiliary injector operating signal from 
the control unit 42. In other words, the elec- 

80 tromechanical valve of the auxiliary fuel injec- 
tor 26 is of a so-called "ON-OFF" type where- 
in the valve is put into either of an "ON" 
position for continuously open the valve and 
an "OFF" position for continuously close the 

85 valve. Accordingly, fuel is continuously in- 
jected in a constant injection amount through 
the valve when the valve is put into the "ON" 
position. 

The control unit 42 is electrically connected 

90 to the air flow meter 1 8 to sence the air flow 
amount of intake air inducted through the 
intake passageway 14 to the engine cylinders, 
and to a distributor 48 to sense engine speed, 
for example, by detecting ignition noises gen- 

95 erated at the contact breaker of the distributor 
48. The control unit 42 is arranged to pro- 
duce the abovementioned main and auxiliary 
injector operating signals in accordance with 
at least one of the amount of intake air and 

100 the engine speed. The control unit 42 is 
further electrically connected to an oxygen 
sensor 50 for sensing the concentration of 
oxygen gas 0 2 contained in the exhaust gases 
from the exhaust manifold 22. Accordingly, 

105 the oxygen sensor 50 is disposed to contact 
with the exhaust gases in the exhaust passage 
(no numeral) downstream of the manifold 22. 

While the known air flow meter 1 8 has 
been shown and described to measure the air 

110 flow amount of intake air, it will be under- 
stood that the air flow amount may be mea- 
sured by sensing the opening degree of the 
throttle valve 1 6 and sensing the intake mani- 
fold vacuum downstream of the throttle valve 

115 16. 

The operational characteristics of the main 
and auxiliary fuel injectors 24 and 26 of the 
engine according to the present invention will 
be explained with reference to the graph of 

120 Fig. 2. 

In the engine of the present invention, the 
maximum amount qMm (max) of fuel injection 
or supply of the main fuel injector 24 and the 
maximum amount qMs (max) of fuel injection 

125 or supply of the auxiliary fuel injector 26 are 
selected to meet the maximum fuel amount 
qMt required for the combustion in the engine 
body 1 0. The maximum amounts of fuel injec- 
tions of the fuel injectors 24, 26 and the 

1 30 maximum fuel amount required for the com- 
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bustion in the engine body 10 are in the 
following relationship to leave a margin in the 
amount of fuel to be supplied to the engine 
body 10: 

5 

qMm(max) 4- qMs(max) = qMt 

As shown in the graph of Fig. 2, the 
amount of fuel injection of the main fuel 

10 injector 24 increases as indicated by a line 
qm,, as the amount of intake air increases and 
reaches to a second predetermined value Q 2 , 
for example, of 200 m 3 /hour, exceeding a 
first predetermined value Q,. Of course, the 

1 5 second predetermined value Q 2 is larger in 
amount than the first predetermined value Q v 
When the intake air amount reaches to the 
second predetermined value Q 2 , the fuel injec- 
tion amount of the main fuel injector 24 is 

20 changed to a lower value in the direction of a 
solid arrow a and increases as indicated by a 
line qm 2 as the intake air amount increases. 
Simultaneously, the auxiliary fuel injector 26 
begins to operate to inject fuel in a constant 

25 amount qMs which is the required maximum 
amount of fuel injection or supply of the 
auxiliary fuel injector 24. This fuel injection 
amount qMs is set as follows: 

30 qMs = qMt — qm 2 (the maximum value) 

Accordingly, when the intake air amount 
exceeds the second predetermined value Q 2 , 
the fuel supply up to the maximum required 
35 amount is accomplished by the cooperation of 
the main and auxiliary fuel injectors 24 and 
26. 

As seen from the graph of Fig. 2, since the 
fuel supply amount range of the main fuel 

40 injector 24 is considerably low as compared 
with the maximum fuel amount qMt required 
for the engine, it will be understood that the 
fuel injection can be carried out sufficiently 
accurately during a low fuel amount engine 

45 operating condition in which a relatively small 
amount of intake air is required and accord- 
ingly a relatively small amount of injected fuel 
is required. For example, when the maximum 
required fuel amount qMt is about 40 lit./ 

50 hour, the required maximum amount qMm of 
fuel injection or supply of the main fuel injec- 
tor 24 is set preferably at about 25 lit. /hour 
and the constant fuel injection amount qMs of 
the auxiliary fuel injector 26 is set preferably 

55 at about 15 lit. /hour. 

Conversely, while the intake air amount 
decreases from under an engine operating 
condition requiring relatively large amounts of 
intake air and fuel, the main fuel injector 24 

60 continues to inject fuel in the amount indi- 
cated by a line qm 2 and the auxiliary fuel 
injector 26 continues to inject in the constant 
amount qMs. When the intake air amount 
reaches and decreases below the first prede- 

65 termined value Q„ the fuel injection amount 



of the main fuel injector 24 is increased along 
the direction of a dotted arrow b and then 
decreases as indicated by a line q'm 2 . Simul- 
taneously, the fuel injection of the auxiliary 

70 fuel injector 26 is stopped. Thus, both the 
main and auxiliary fuel injectors 24 and 26 
are operated to inject fuel until the intake air 
amount decreases to the first predetermined 
value Q,, whereas only the main fuel injector 

75 24 is operated to inject fuel after the intake 
air decreases beyond the first predetermined 
value Q,. Therefore, it will be appreciated that 
the accuracy in fuel supply to the engine can 
be improved under the low fuel amount en- 

80 gine operating condition. 

It is to be noted that the first and second 
predetermined values Q, and Q 2 in intake air 
amount are set different to obtain stable fuel 
supply to the engine. In other words, such 

85 different first and second predetermined va- 
lues can prevent a so-called "hunting" or 
unnecessary frequent changing from opera- 
tions of the main and auxiliary fuel injectors 
24 and 26 to only operation of the main fuel 
90 injector 24 and vice versa when the enigne is 
operated near a point at which the above- 
mentioned changing is carried out. 

While the auxiliary fuel injector 26 has 
been shown and described to be of the type 
95 wherein the fuel injection amount is set at a 
constant value qMs, it will be understood the 
injector 26 may be of the type wherein the 
fuel injection amount is variable in accordance 
with the pulse-width of an electric signal sup- 

1 00 plied thereto which pulse-width corresponds 
to intake air inducted into the engine proper 
10 through the intake passageway 14. 

Furthermore, although the fuel injectors 24 
and 26 have been described to be controlled 

105 in accordance with intake air amounts, it may 
be possible to control them 24 and 26 in 
accordance with other engine operating pa- 
rameters in close relation to the intake air 
amount, for example, engine speed. In case 

1 10 where the engine speed is used as a control 
parameter for the fuel injectors 24 and 26. 
changing in fuel injection manner in carried 
out at engine speeds R 1 {for example, 4000 
rpm) and R 2 (for example, 4500 rpm) which 

1 1 5 correspond to first and second predetermined 
values Q, and Q 2 of intake air amounts, 
respectively. 

It will be understood that a main fuel injec- 
tor 24 may be installed per one cylinder and 

120 the auxiliary fuel injector 26 may be installed 
at a portion of the intake manifold 1 2 from 
which portion the branch runners are 
branched off. In this case, the maximum fuel 
injection amount can be smaller than in the 

1 25 case of Fig. 1 and therefore the area of the 

fuel injection opening of the main fuel injector 
24 can be selected to be considerably small 
and the pulse-width for operating the injector 
24 can be considerably increased, to improve 

1 30 the precision in controlling the main fuel injec- 



4 



GB2 005 348A 4 



tor 24. 

Fig. 3 illustrates in detail the circuits of the 
above-mentioned control unit 42 for control- 
ling the operations of the main and auxiliary 
5 fuel injectors 24 and 26. The control unit 42 
is composed of an intake air amount detecting 
circuit 52 which is electrically connected to 
the air flow meter 1 8 to be fed with an 
electric signal from the flow meter 18. A 

1 0 discriminating circuit 54 is electrically con- 
nected to the intake air amount detecting 
circuit 52 to be supplied to an electric signal 
from the circuit 52. A switching circuit 56 is 
electrically connected to the circuit 54 so as 

15 to be operated in accordance with an electric 
signal from the circuit 54. An auxiliary fuel 
injector operating circuit 58 is electrically con- 
nected to the circuit 56 so as to open or close 
the electromechanical valve of the auxiliary 

20 fuel injector 26 to inject fuel or stop the fuel 
injection to the intake passageway 14. Conse- 
quently, the circuit 58 is electrically con- 
nected to the auxiliary fuel injector 26. 
As shown, the intake air amount detecting 

25 circuit 52 is further electrically connected to a 
pulse-width modulating circuit 60. The fuel 
amount injected from the main fuel injector 
24 changes in accordance with the pulse- 
width, since the electromechanical valve of 

30 the fuel injector 24 opens to inject fuel by 
during the time duration corresponding to the 
above-mentioned pulse-width. The pulse-width 
modulating circuit 60 is further electrically 
connected to the switching circuit 56 to be 

35 fed with the output signal from the circuit 56. 
The circuit 60 is electrically connected 
through a main fuel injector operating circuit 
62 to the main fuel injector 24. Accordingly, 
the main fuel injector 24 is arranged to inject 

40 fuel in accordance with the pulse-width modu- 
lated in the circuit 60 upon receiving the 
output signal from the switching circuit 56. It 
will be appreciated from the foregoing, that 
the cylinders of the engine body 1 0 are 

45 supplied with required amounts of fuel in 

accordance with engine operating conditions. 

The operation of the control unit 42 will be 
explained in detail hereinafter. 
The descriminating circuit 54 descriminates 

50 that the intake air amount Q supplied to the 
cylinders of the engine body 10 is in either 
condition of Q<Q,, Q,^Q<Q 2 , and Q 2 ^Q. 
The switching circuit 56 is put from "OFF" 
position to "ON" position for the first time 

55 when the intake air amount is in the condition 
of Q 2 ^Q upon increase of the intake air 
amount Q. If the circuit 56 is once put into 
the "ON" position, the "ON" position is 
maintained as long as the intake air amount 

60 decreases and is put into the condition of 
Q<Q,. The circuit 56 is arranged to be 
changed from "ON" position into the "OFF" 
position for the first time when the intake air 
amount reaches to the condition of Q<Q t . 

65 The electromechanical valve of the auxiliary 



fuel injector 26 is arranged to open to inject 
fuel through the operating circuit 58 only 
when the switching circuit 54 is put into the 
condition of Q 2 ^Q. Simultaneously, the pulse- 

70 width modulating circuit 60 modulates the 
pulse-width to control the opening time dura- 
tion of the electromechanical valve of the 
main fuel injector 24 in accordance with the 
intake air amount. It is to be noted that the 

75 pulse-width modulating circuit 60 is arranged 
to be controlled also in accordance with the 
positions of the switching circuit 56. In this 
regard, when the switching circuit 56 is in the 
"OFF" position, the pulse-width is modulated 

80 so that the fuel injection amount is varied 
along the line qm, or q'm, in the graph of 
Fig. 2, whereas when the switching circuit 56 
is in the "ON" position, the pulse-width is 
modulated so that the fuel injection amount is 

85 varied along line qm 2 or q'm 2 . 

By such a control manner for the main 
auxiliary fuel injectors 24 and 26, the fuel 
supply amount Q from the main fuel injector 
24 and the auxiliary fuel injector 24 is as 

90 follows: 

when Q<Q 1 : fuel supply amount q = qm, 
or q'm, 

when Q 2 ^Q: O = qm 2 + qMs or 
95 q'm 2 + qMs 

when Q,£Q<Q 2 : 

at "OFF" position of circuit 56; q = qm, 
at "ON" position of circuit 56; q = q'm 2 
+ qMs 

100 

As appreciated from the above, a suitable 
amount of fuel can be supplied to the cylin- 
ders of the engine proper 10 only from the 
main fuel injector 24 or also from the auxiliary 

105 fuel injector 26. 

While the main and auxiliary fuel injectors 
24 and 26 have been described to be con- 
trolled in accordance with intake air amount 
which is detected by the air flow meter 18, 

110 they may be controlled in accordance with 
engine speed detected at the distributor 48. 
In the case using the engine speed as an 
operating parameter of the fuel injectors 24 
and 26, the air flow meter 1 8 and the intake 

115 air amount detecting circuit 52 in Fig. 3 may 
be replaced with the distributor 48 and an 
engine speed detecting circuit 64 which are 
electrically connected to each other. Accord- 
ingly, the engine speed detecting circuit 64 is 

1 20 electrically connected to the discriminating cir- 
cuit 54 and the pulse-width modulating circuit 
60 as indicated by dotted arrows in Fig. 3. 

It is to be noted that the auxiliary fuel 
injector 26 may be used as means for easily 

125 starting cold engine. For this case, as shown 
in Fig. 4, an ignition switch 66 is electrically 
connected to an engine coolant temperature 
switch 68 which is arranged to be put into its 
"ON" position when the engine coolant tem- 

1 30 perature is below a predetermined level such 
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as about 18"C, but put into its "OFF" posi- 
tion when the engine coolant temperature 
exceeds the predetermined level. The engine 
coolant temperature switch 68 is electrically 

5 connected to the auxiliary fuel injector operat- 
ing circuit 58 so that the output signal from 
the temperature switch 68 is fed to the circuit 
58, in a parallel relation with the output 
signal from the switching circuit 56. 

10 With this arrangement of Fig. 4, when the 
ignition switch 66 is in its "engine starting" 
position and the temperature switch 68 is in 
the "ON" position, the auxiliary fuel injector 
26 is operated to inject fuel although the 

15 switching circuit 24 is in the "OFF" position. 
However, the auxiliary fuel injector 26 can not 
be operated when the ignition switch 66 is 
changed from the "engine starting" position 
into its "ON" position at which the ignition 

20 system of the engine is supplied with electric 
current, but an engine starting motor (not 
shown) is not operated. Hence, the auxiliary 
fuel injector 26 is operated in response to the 
output signal from the switching circuit 56 

25 after the engine is started by the engine 

starting motor. It will be seen from the above, 
that in this case, the auxiliary fuel injector 
operating circuit 58 includes means (not 
shown) for operating the auxiliary fuel injector 

30 26 when the ignition switch is in the "engine 
starting" position and the engine coolant tem- 
perature switch is in the "ON" position. 

The main fuel injector 24 has been shown 
and described to be located to inject fuel in 

35 the direction of the longitudinal axis L of the 
manifold riser 1 2b toward the bottom portion 
B of the manifold riser 1 2b. With this location 
of the main fuel injector 24, fuel from the 
main fuel injector 24 is injected to the central 

40 portion of the stream of the intake air to be 
effectively vapourized and carried by the in- 
take air stream. This improves the distribution 
of the fuel injected into a plurality of the 
cylinders of the engine body 1 0. 

45 However, it will be appreciated the above- 
mentioned location of the main fuel injector 
24 is not unnecessarily required for the pre- 
sent invention. Because, the vapourization and 
the distribution of the injected fuel may be 

50 improved, for example, by providing ultra- 
sonic vibration to fuel, to be injected from the 
fuel injector 24. 

CLAIMS 

55 1. An internal combustion engine having 
cylinders and an intake passageway for pro- 
viding air therethrough to the cylinders, com- 
prising: 

a main fuel injector for injecting fuel into 
60 the intake passageway when operated; 

an auxiliary fuel injector for injecting fuel 
into the intake passageway when operated; 

control means for controllably operating 
only said main fuel injector under a first 
65 engine operating condition and both said 



main and auxiliary fuel injectors under a sec- 
ond engine operating condition, a larger 
amount of intake air being required under the 
second engine operating condition than under 
70 the first engine operating condition. 

2. An internal combustion engine as 
claimed in Claim 1 , in which said control 
means includes: 

sensing means for sensing an engine oper- 
75 ating parameter substantially representing the 
amount of intake air and producing a signal in 
response to the parameter; 

fuel injector operating means for operating 
both said main and auxiliary fuel injectors 
80 until the parameter reaches to a first predeter- 
mined value when said auxiliary fuel injection 
is continued to operate, and operating only 
said main fuel injector until the parameter 
reaches to a second predetermined value 
85 when only said main fuel injector operate, the 
amount of intake air at the first predetermined 
value being smaller than at the second prede- 
termined value. 

3. An internal combustion engine as 
90 claimed in Claim 2, in which said sensing 

means includes an air flow meter for sensing 
the amount of intake air passing through the 
intake passageway and producing an electric 
signal in response to the intake air amount. 

95 4. An internal combustion engine as 

claimed in Claim 3, in which said fuel injector 
operating means includes an electrically oper- 
ated control unit which is electrically and 
operatively connected to said air flow meter 

100 and to said main and auxiliary fuel injectors, 
said control unit being arranged to operate 
both said main and auxiliary fuel injectors to 
inject fuel until receiving the electric signal 
representing that the intake air amount reach- 

105 es to a first predetermined value when said 
auxiliary fuel injector is continued to operate, 
and operate only said main fuel injector to 
inject fuel until receiving the electric signal 
representing that the intake air amount reach- 

110 es to a second predetermined value when only 
said main fuel injector operates, the amount 
of intake air at the first predetermined value 
being smaller than at the second predeter- 
mined value. 

115 5. An internal combustion engine as 
claimed in Claim 2, in which said sensing 
means includes engine speed sensing means 
for sensing the engine speed and producing 
an electric signal in response to the engine 

120 speed. 

6. An internal combustion engine as 
claimed in Claim 5, in which said fuel injector 
operating means includes an electrically oper- 
ated control unit which is electrically and 

125 operatively connected to both said main and 
auxiliary fuel injectors and to said engine 
speed sensing means, said control unit being 
arranged to operate both said main and auxil- 
iary fuel injectors to inject fuel until receiving 

1 30 the electric signal representing that the engine 



6 



GB2 005 348A 6 



speed reaches to a first predetermined value 
when said auxiliary fuel injector is continued 
to operate, and to operate only said main fuel 
injector to inject fuel until receiving the elec- 
5 trie signal representing that the engine speed 
reaches to a second predetermined value 
when only said main fuel injector operates, •» 
the engine speed at the first predetermined ' 
value being lower than at the second predeter- 
10 mined value. 

7. An internal combustion engine as 
claimed in Claim 4, in which said fuel injector 
operating means includes: 

intake air amount detecting means for de- 
15 tecting the intake air amount in accordance 
with the electric signal from said air flow 
meter; 

discriminating means for discriminating the 
condition of intake air amount in accordance 

20 with the intake air amount detected by said 
intake air amount detecting means; 

switching means for being actuated when 
the intake air amount is at a particular condi- 
tion discriminated by said discriminating 

25 means; 

auxiliary fuel injector operating means for 
operating said auxiliary fuel injector to inject 
fuel when said switching means is actuated; 
pulse-width modulating means for modulat- 

30 ing the pulse-width for controlling said main 
fuel injection, in accordance with the intake 
air amount detected by said intake air amount 
detecting means and the actuation of the 
switching means; and 

35 main fuel injector operating means for oper- 
ating said main fuel injector in accordance 
with the pulse-width modulated by said pulse- 
width modulating means. 

8. An internal combustion engine as 

40 claimed in Claim 6, in which said fuel injector 
operating means includes: 

engine speed detecting means for detecting 
the engine speed in accordance with the elec- 
tric signal from said distributor; 

45 discriminating means for discriminating the 
condition of engine speed in accordance with 
the engine speed detected by said engine 
speed detecting means; 
switching means for being actuated when 

50 the engine speed is at a particular condition 
discriminated by said discriminating means; 

auxiliary fuel injector operating means for 
operating said auxiliary fuel injector to inject 
fuel when said switching means is actuated; 

55 pulse-width modulating means for modulat- 
ing the pulse-width for controlling said main 
fuel injector, in accordance with the engine 
speed detected by said engine speed detect- 
ing means and the actuation of said switching 

60 means; and 

main fuel injector operating means for oper- 
ating said main fuel injector in accordance 
with the pulse-width modulated by said pulse- 
width modulating means. 

65 9. An internal combustion engine as 



claimed in Claim 6, further comprising means 
for starting cold engine includes: 

an ignition switch having an "engine start- 
ing" position at which an engine starting 

70 motor of the engine is operated to rotate; and 
an engine coolant temperature switch which 
is operatively connected between said ignition 
switch and said auxiliary fuel injector operat- 
ing means, said temperature switch being put 

75 into its "ON" position when the engine cool- 
ant temperature is below a predetermined 
level- 
said auxiliary fuel injector operating means 
including means for operating said auxiliary 

80 fuel injector when said ignition switch is in its 
"engine starting" position and said engine 
coolant temperature switch is in the "ON" 
position. 

10. An internal combustion engine as 
85 claimed in Claim 6, in which said auxiliary 
fuel injector is of an "ON-OFF" type wherein 
fuel is continuously injected at a constant 
amount during the injector is put in its "ON" 
position. 

90 11 . An internal combustion engine con- 
structed and arranged substantially as de- 
scribed herein with reference to the accompa- 
nying drawings. 
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